The type strain of myrobalan latent ringspot virus (MyLRV) and the beet ringspot strain of tomato black ring virus (TBRV-S) were compared with respect to some of their physicochemical and serological properties. A strain of MyLRV without satellite RNA ] and a strain of cherry leafroll virus (CLRV) were also used for comparison purposes. In sucrose density gradients and in the analytical ultracentrifuge, MyLRV and MyLRV(-3) sedimented as three components, T, M and B, with sedimentation coefficients of 50S, 109S and 125S respectively. TBRV-S also had three components sedimenting at 53S (T), 99S (M) and 120S (B).
INTRODUCTION
Nepoviruses have been tentatively grouped (Quacquarelli et al., 1976a; Martelli et al., 1978) into four major clusters on the basis of the mol. wt. of their RNAs and of sedimentation coefficients of components. In this subdivision, serological relationships may exist between members of the same subgroup but, with one exception, no such relationship has been found between members of different subgroups. The exception is myrobalan latent ringspot virus (MyLRV) which, although having physicochemical characteristics resembling those of cherry leafroll virus (CLRV) subgroup, has been reported to be serologically related to tomato black ring virus (TBRV) (Dunez & Delbos, 1976; Delbos et al., 1976) , the type member of a different cluster (Martelli et al., 1978) .
To clarify this point, a comparative study of MyLRV, CLRV and TBRV was carried out, the results of which are reported in this paper.
METHODS

Virus isolates and propagation.
The following viruses were used: (i) two isolates of MyLRV; the type strain from Prunus cerasifera containing satellite RNA (Dunez et al., 1971 ) and the same strain deprived artificially of satellite RNA, indicated here as MyLRV(--3); (ii) the beet strain of TBRV (TBRV-S) (Harrison, 1958) ; (iii) CLRV strain G (CLRV-G) from Sambueus nigra (Jones & Murant, 1971) . All these viruses were propagated in Phaseolus vulgaris L. cv. La Victoire grown at 20 to 24 °C in a glasshouse.
Virus purification. Systemically infected bean plants were collected 12 days after inoculation and homogenized in the presence of 1 vol. 0.1 M-phosphate buffer pH 7.2, containing 0.1% thioglycollic acid. The sap was squeezed through cheesecloth and then clarified with 8 % magnesium-activated bentonite (Dunn & Hitohborn, 1965) . The juice was concentrated by two cycles of differential centrifugation at low (10 000 g for 10 min) and high speed (78000 g for 2 h) and the final pellet resuspended in 1 ml 0.02 M-phosphate buffer pH 7.2. The purification procedure gave relatively high virus yields, i.e. 15 to 20 A260/100 g of material for TBRV and 30 to 40 A 260/100 g of material for MyLRV.
The preparations were further purified and the virus components were fractionated by two or three cycles of centrifugation in sucrose density-gradient columns. Density gradients were prepared in Beckman tubes layering 4, 7, 7 and 7 ml respectively of 40, 30, 20 and 10% (w/v) sucrose solutions in 0.02 M-phosphate buffer pH 7.2. Virus samples (1 to 1.5 ml)containing 8 A:60/ml were lavered on to the tubes and then centrifuged at 22 000 rev/min for 5 h in a Beckman SW25.1 rotor. Virus components were collected with an ISCO 640 densitygradient fractionator and concentrated by centrifuging for 2 h at 103 000 g.
A nalytical ultracentrifugation. Virus preparations (15 to 30 A~6o/ml) resuspended in 0.02 ~-phosphate buffer pH 7.2 containing 0, 1 M-NaC1 were analysed in a Beckman Model E ultracentrifuge using Schlieren optics. Buoyant densities were calculated according to Chervenka (1969) from Schlieren diagrams obtained by centrifuging virus preparations (2 to 3 A26o/ml) resuspended in a CsCl solution with an AN-D Beckman rotor at 36 000 to 44 000 rev/min for 20 h at 25 °C. CsCI densities were calculated with a Bausch and Lomb refractometer.
RNA preparation. Nucleic acids were extracted from purified virus preparations according to Delbos et al. (1976) .
Polyaco'lamide gel electrophoresis and R.\\4 infecticiO" assay. Polyacrylamide gels (2.6 %) were prepared in perspex tubes t0.7 cm internal diam. and 11 cm long) as described by Bishop et al. (1967) . RNA molecules were eluted from gels and the relative infectivity tested on Chenopodium quinoa Willd. as described by Quacquarelli et al. (1967 b) . Mol. wt. of virus RNA species were estimated using as markers. RNAs from Escherichia coli (rRNA) (mol. vet. 1.07 x 10 ~ and 0.55 \ 10~: Stanley &Bock, 1965) , tobacco mosaic virus (tool. wt. 2.0 x 106; Boedtker. 1960) . arabis mosaic virus (mol. wt. 2.4 × 106 and 1.4 x 106; Harrison & Murant, 1977) and cucumber mosaic virus tmol. x~z. 1.07 × 106. 0.95 x 106, 0-69 x 106 and 0.33 x 106. Kaper & XVaterworth. 19733. Preparation of antisera. Antisera to the three viruses were prepared by giving rabbits, at weekly intervals, one intravenous and two intramuscular injections of highly purified virus suspensions (1 ml/injection) containing 6 .4:6 o ml. obtained with two cycles of sucrose density-gradient centrifugation. For intramuscular injections, virus preparations were mixed with Freund's incomplete adjuvant. The rabbits were bled 15 days after the last injection. Antisera to TBRV-S (titre 1:2048) and to MyLRV (titre 1:2048), kindly supplied by Dr A. F. Murant and Dr J. Dunez respectively, were also used.
RESULTS
Sedimentation
In density-gradient centrifugation TBRV sedimented as three components iT. M and B), similar to MyLRV (Fig. 1 a) . whereas in CLRV-G preparations, components M and B were always present but empty capsids t component T~ were o±,v rarely observed. In the analytical ultracentrifuge, purified preparations of MyLRV and MyLRV(--3) were found to contain the same number of centrifugal components. For both strains the estimated sedimentation coefficients (s20.w) were 50S (T), 109S (M) and 125S (B) (Fig. 2a) . The three components of TBRV-S had sedimentation coefficients of 53S (T), 99S (M) and 120S (B), whereas CLRV-G nucleoproteins had S values of 113S (M) and 128S (B) (Fig. 2b, c) .
Components M and B of MyLRV were completely separated from one another after three cycles of sucrose density-gradient centrifugation (Fig. i b, c) .
Polyacrylamide gel electrophoresis
Two species were obtained on gel electrophoresis of RNA from an unfractionated CLRV-G preparation, whereas three RNAs species were present in both MyLRV and TBRV-S preparations (Table 1 ). Fig. 1 shows typical electropherograms of MyLRV RNA from a whole virus preparation (Fig. 1 d) and from components M (Fig. 1 e) and B (Fig. If) separated using three cycles of density-gradient centrifugation. 
Infectivity of fractionated RNA and preparation of MyLR V (--3)
Infectivity indexes (Raymer & Diener, 1969) estimated from M y L R V R N A preparations (Table 2) show that R N A species were not infective when inoculated separately to C. quinoa but inoculum obtained by mixing RNA-1 plus RNA-2 was highly infective. The infectivity became slightly higher when RNA-3 was also added. When RNA-1 plus RNA-2 were inoculated to C. quinoa and the resulting virus purified from systemically infected plants 10 days later, RNA-3 was no longer detected by polyacrylamide gel electrophoresis. 
Equilibrium centrifugation
Unfractionated preparations of MyLRV, when centrifuged to equilibrium in CsC1, banded as three major components having buoyant densities of 1.28 g/ml (T), 1.465 g/ml (M) and 1.507 g/ml (B) respectively and four minor components for which buoyant densities of 1.378 g/ml ($2), 1.449 g/ml ($3), 1.485 g/ml ($4) and 1.497 g/ml ($5) were calculated (Fig. 3) . When MyLRV preparations, fractionated as shown in Fig. 4 by a single cycle of centrifugation in sucrose density gradients, were centrifuged to equilibrium in CsCI, pooled fractions from six tubes were enriched in each one of the three major components or, as in the case of M plus B mixture, especially in component S 5. Fraction T showed a fifth minor component (S1), not detectable in unfractionated preparations, for which a buoyant density of 1.336 g/ml was calculated. Conversely, MyLRV(--3) preparations when centrifuged to Fig. 4 . Equilibrium centrifugation of fractionated preparations of MyLRV after centrifuging for 16 h at 44 000 rev/min at 25 o C. Fractions from six tubes of sucrose density gradients were collected separately as indicated in the upper graph and centrifuged in the analytical ultracentrifuge at four different initial densities of CsC1. Symbols are as in Fig. 2 and 3 ; S 1 is a further particle population containing equilibrium, showed only three components corresponding to buoyant densities of 1.281 g/ml (T), 1.465 g/ml (M) and 1.507 g/ml (B) respectively (Fig. 2d) .
Unfractionated TBRV-S preparations, although unstable in CsC1, showed two components with buoyant densities of 1.44 g/ml (M) and 1.50 g/ml (B) respectively (Fig. 2f) .
Unfractionated CLRV-G preparations also gave two buoyant density components, a minor one (M, 1.47 g/ml) and a major band of precipitated particles (B, 1.50 g/ml) (Fig. 2 e) .
This difference in the relative ratio of M and B components may be interpreted as an indication of a differential instability of CLRV particles in CsC1. In fact, when the virus from an analytical run was collected and again centrifuged to equilibrium in CsC1 with an initial density of 1.30 g/ml, a single band of precipitated material was observed. The buoyant density of this band was 1.30 g/ml, indicating that it was probably composed of proteinaceous material.
Serology
Antisera to TBRV-S and CLRV-G had homologous titres of 1:512, whereas the antiserum to MyLRV had a titre of 1 • 1024, as determined in gel diffusion plates using purified antigen at a concentration of about 6 A260/ml. In gel double-diffusion tests, none of the antisera showed visible precipitin reactions with healthy plant antigens.
Each virus reacted with the homologous antiserum only. Repeated attempts to obtain cross-reactions between TBRV and MyLRV antigens and the respective antisera in different combinations, failed. Similar results were obtained when the Scottish and French antisera to TBRV-S and to MyLRV were used.
DISCUSSION
The results of the present investigation confirm the reports for TBRV and CLRV (Murant et al., 1973; Jones & Mayo, 1972) . Each of these viruses has a bipartite genome but the mol. wt. of their RNA-2 is substantially different (see also Murant & Taylor, 1978) .
MyLRV also has a bipartite genome, its RNAs being infective only when inoculated together. This is consistent with the report of Delbos et al. (1976) . In our experiments, however, an apparently complete separation of the two RNAs was achieved, since no residual infectivity was observed when RNA-1 and RNA-2 were inoculated separately.
The infectivity of neither of the major RNA species was restored by addition of RNA-3. Furthermore, no increase in infectivity was obtained when this RNA was added to a mixture of RNA-1 plus RNA-2.
Two major points of disagreement appear to exist between our findings on MyLRV and those of Dunez and co-workers (Dunez et al., 1976; Delbos et al., 1976; Doz et al., 1978) in relation to: (i) packaging of RNA molecules in centrifugal components and (ii) serological relationship with TBRV. In particular, we were unable to confirm that B component of MyLRV contains all three RNAs and that MyLRV is serologically related to TBRV. Lack of serological relatedness between these two viruses was also reported by Murant & Taylor (1978) and by Di Franco et al. (1980) using immune electron microscopy tests.
From MyLRV RNA extraction experiments ( Fig. 1 ) and analytical centrifugation (Fig. 2,  3 and 4) it is evident that B component contains only RNA-1, whereas M component contains RNA-2. The presence of RNA-3 in M component preparations (Fig. 1 e) probably originates from contamination by component $3, a minor fraction resolved only by centrifugation to equilibrium (Fig. 3 and 4) ; RNA-3 was also detected in enriched T and M plus B fractions. Hence, the presence of at least five minor components ($1, $2, $3, $4 and $5) observed in MyLRV preparations, indicated that RNA-3 is likely to be encapsidated independently of the two major RNAs. Table 3 summarizes the complex situation of centrifugal components of MyLRV and tentatively indicates a distribution of RNA molecules in various centrifugal components derived from the results of equilibrium centrifugation experiments. In particular, assuming that a difference of 0.01 g/ml in buoyant density between two particle populations with the same CsCI binding and hydration is due to a difference in the mol. wt. of RNA of 109500 + 4850, it is possible to calculate that components $1,82, S 3 and S 4 contain 1, 2, 4 and 5 molecules of 'satellite' RNA respectively. The larger difference (Ap = 0.216) between S 5 and T component can be justified assuming the presence of one molecule of RNA-3 plus one of RNA-2 in S s.
The possibility that the S 5 component, which sediments very close to the B component and is not readily separated from it, contains one molecule of RNA-3 plus one molecule of RNA-2, explains the results by Dunez & Delbos (1976) who reported recovery of all three RNA species from B component of MyLRV.
The fact that components $1, S 2, S 3 and S 4 contain only RNA-3 is further demonstrated by their absence in equilibrium centrifugation experiments with MyLRV(--3) (Fig. 2d) in which only M and B components were detected. Our results also confirm those of Doz et al. (1978) regarding the presence of novel (T1 and M1) components containing only RNA-3. Hence, MyLRV is a virus with homogeneous M and B components like CLRV and TBRV. The mol. wt. of RNA-2 of MyLRV, CLRV and TBRV, as calculated under denaturing conditions by Mutant & Taylor (1978) and for MyLRV by D. Gallitelli (unpublished results), are 1.9 x 106 (MyLRV), 2.0 × 106 (CLRV) and 1.63 x 106 (TBRV). Therefore, it appears that MyLRV is much closer to CLRV than TBRV, as already suggested by Martelli et al. (1978) .
This conclusion does not conflict with the recent proposals by Murant & Taylor (1978) who, in subdividing nepoviruses on the basis of the mol. wt. of their RNA-2, have assigned MyLRV to a position intermediate between two well-defined clusters comprising TBRV (cluster II) and CLRV (cluster III).
